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We investigate @ + production via 7JV and NN reactions in order to obtain infor- 
mation on the structure of 0+, especially its parity. We observe that the positive 
parity 0+ production provides about ten times larger total cross sections than 
those of the negative parity one in both photon and nucleon induced reactions due 
to P— wave enhancement of the KNQ vertex. We also consider the model indepen- 
dent method in the nucleon induced reaction to determine the parity of 0+ and 
show clearly distinguishable signals for the two parities. 



1 Introduction 

After the observation of the evidence of + by LEPS group at SPring-8^1 mo- 
tivated by Diakonov et aZ.™, exotic pentaquark baryon state 9 + has triggered 
huge amounts of the research activities in both experimental 3 ~ n and the- 
oretical 12 ~ 33 hadron physics fields. Recent experimental situation is rather 
controversial, and the existence of the 9 + still needs confirmation. However, 
it is strongly expected that physics of pentaquarks will open a new challenge 
for hadron physics with rich structure of non-perturbative QCD. Although 
the present experimental information is limited, it is therefore, of great im- 
portance to analyze what we can learn from the experiments done so far and 
in the future. In this paper, we report the series of our works for the + 
production reaction in different approaches including 7./V and NN induced 
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ones. Our aim is to extract infor mation of + structure, especially the par- 
ity of 9 + . As discussed in Refs. l -^ l l^ l the parity of + carries important 
informations of the dynamics of low energy QCD. Contents of this paper is 
as follows. In section 2, the method of calculation in an effective Lagrangian 
approach is briefly formulated for the reactions, 7^ — > K® + (N — p, n) and 
NN — > YQ + (N = p,n; Y = A, E). In all cases, we perform calculation for 
J p (0 + ) = 1/2+ and 1/2 - . For the pp induced reaction, we consider a po- 
larized one as suggested by Hanhart for the unambiguous determination 
of the parity of + . In section 3, we present numerical results and discuss 
various aspects of the above reactions. Final section is devoted to summary 
of the present report. 

2 Formalism 

2.1 scattering 

We start with an effective Lagrangian approach for the scattering for the 
tree level calculations. Concerning to the KN® vertex, we utilize two different 
interactions, i.e., the pseudoscalar (PS) and pseudovector (PV) schemes. The 
effective Lagrangians for the reactions are given as follows: 



Cnok = ig&T 5 KN + h.c, 
9a 

C lKK = ie {K(d»K) - (d^K)K} + h.c 

UN 

'2M N 



Cnvk = -^j-Q^T^KN + h.c. 



C lNN = -eN ( 7m + i^-a^k" ) N A" + h.c. 



£ 7 ee = -e0 ( ^ + i^^k" j 6# + h.c, (1) 

where Q, N, and K stand for the pentaquark + , the nucleon, and the kaon 
fields, respectively. Parameters e, k, and M designate the electric charge, the 
anomalous magnetic moment, and the mass of baryon, respectively. Ts is 75 
for the positive-parity + (0+) and l4 X 4 for the negative-parity + (©1). 
In the case of the positive-parity + , the coupling constants for the KNQ + 
vertex can be determined by using a decay width Tq^kn = 15 MeV and the 
mass Mq = 1540 MeV, from which we obtain g* A = 0.28 for the PV interaction 
as well as g — 3.8 for the PS. Similarly, we find g* A = 0.16 and g = 0.53 for 
the negative-parity one. K* exchange is also taken into account in this work 



Workshop on Quark Nuclear Physics 2004 Feb. 26-27, 2004, Busan, Koreal 



as in Refs. I ^l | ^ l ^6 |38| rp ne corresponding Lagrangians are given as follows: 
£ 7 h. = g^KK-e^pid^A^K^K^ + h.c, 
Ck-nq = gK'NB&rr 5 K^N + h.c.. (2) 

We neglect the tensor coupling of the K*NQ vertex for the lack of information. 
In order to determine the coupling constant g^KK* , we use the experimental 
data for the radiative decay, which gives 0.388 Ge V" 1 for the neutral decay 
and 0.254 GeV -1 for the charged decay ESESESl f 5 denotes l 4x4 for the 
and 75 for the 0_. Although we have no information on gK*NQ exper- 
imentally, we adopt its value as gK*Ne/gKN6 = ±0.5, assuming the ratio 
similar to gx'NA/gKNA- Note that in Refs. the ratio of the couplings 

was taken to be 0.5. In addition to K* exchange, we also consider if 1 (1270) 
axial-vector meson e xcha nge. However, since we find that its contribution is 
tiny as found in Ref. 1^1, we will not take into account it in this work. Since 
the anomalous magnetic moment of 0^ h as not b een known neither, we need 
to rely on the model calculations l ^7 | 28 | 30 | 31 | 33 Many of these calculations 
indicate small numbers for the + magnetic moment and hence negative val- 
ues for the anomalous magnetic moment. As a typical value, we shall use for 
the anomalous magnetic moment kq = — 0.8/^. In the PV scheme, we need 
to consider an additional contribution, i.e., the contact term, also known as 
the Kroll-Rudermann (KR) term. The term can be written as follows. 

iM KK , = -e^-u(p')T^u(p). (3) 

While Yu et al. ESI introduced the formar factors into the KR term in such 
a way that they satisfy the gauge invariance, we make use of the following 
relation: 

>AM° = ,M% - ,M° PS = e^-i-jj- + ^) rtlOIWWHW 

Here, The superscript denotes the bare amplitudes without the form factor. 
Since iAAi is gauge-invariant due to its tensor structure, we can easily insert 
the form factors, keeping the gauge invariance. Thus, we arrive at the gauge- 
invariant amplitudes in the PV scheme as follows: 

iMpy = iMps + iAM 

Finally, the isT*-exchange amplitude is derived as ar follows: 

Mk * = 1 lk-lr 9 -Zt u(p')^P^k'°yf 5 u( P ) 7 (6) 
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which is clearly gauge- invariant. 



2.2 NN scattering 

In this section, we formulate NN scattering with K and vector K* exchanges 
in the i-channel. The initial and final state interactions are not considered 
here. We will discuss briefly their effect later. As mentioned before, we treat 
the reactions in the case of positive- and negative-parity + . We distinguish 
the positive-parity + from the negative-parity one by expressing them as 
Ot and Oi, respectively. We start with the following effective Lagrangians. 

Ckny = -igKNYYj 5 K f N, 
Ckn<~> ± = -igKN&±®±Tc,KN, 

Cvny = -SvnyY^N - J V ™ Ya^PWN, 

My + iHjv 

T 

Cvnb = -9vnb ± e ±7M f 5 V»N - e ± a^f 5 d v V^N, (7) 

Mq + M n 

where Y, K, N, O, and V stand for the hyperon (S and A), kaon, nucleon, 
+ , and vector meson fields, respectively. When their signs are the same, 
the K*NQ (magnetic) coupling strength which is the sum of the vector and 
tensor couplings amounts to be l-5\gKN@\- The value i s si milar to the one 
estimated in a fall apart mechanism, gK*N& — VSgKNe We employ the 
values of the KNY and K*NY coupling constants referring to those from the 
new Nijmegen potential (averaged values of models NSC97a and NSC97f 
as well as from the Julich-Bonn YN potential (model A) 

2.3 Polarized pp scattering 

An unambiguous method to determine the parity of the + was proposed 
F7T1 



using the reaction' 

p + p -> 0+ + S + near threshold. (8) 

This reaction has been previously considered for the production of + ESI 
but it has turned out that it does more for the determination of the par- 
ity, in contrast with number of recent attempts using other reactions which 
needed particular production mechanism. In order to extract information of 
parity from JHJ), the only requirement is that the final state is dominated by 
the s-wave component. The s-wave dominance in the final state is then com- 
bined with the Fermi statistics of the initial two protons and conservations 
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of the strong interaction, establishing the selection rule: If the parity of + 
is positive, the reaction is allowed at the threshold region only when the 
two protons have the total spin S = and even values of relative momenta 
I, while, if it is negative the reaction is allowed only when they have 5=1 
and odd I values. This situation is similar to what was used in determining 
the parity of the pion Experimentally, the pure S — state may not be 
easy to set up. However, an appropriate combination of spin polarized quan- 
tities allows to extract information of S = state. In Ref. 1=^, the authors 
discussed the experimental methods and observable to determine the parity 
of + baryon with the polarized proton beam and target. They discussed the 
spin observable A xx as well as cross sections. It is computed by 

where CTo is the unpolarized total cross sections and the polarized cross section 
are denoted as 2S+1 ag z . 

2.4 Form-factor for the extended hadron structure 

As for the jN scattering, we have introduced the fo rm factor s F SyU t and F™ 
in such a way that they satisfy the gauge invariance m the form of 

A 4 

^ = z 72 > ( 10 ) 

A 4 + (£ - M| 

where £ represents relevant kinematic channels, s, t, and u, generically. The 
common form factor F c is introduced according to the prescription suggested 
by Refs.Eil. 

-F c n = F ll + F t — F u F t , 

F C P = F s + F u - F S F U . (11) 

The cutoff parameter for Eq. i|l(J|) will be given in the next section considering 
7P — * AT + A(1115) process. As for the NN scattering, in order to compute the 
cross sections for these reactions, we need the form factors at each vertex to 
take into account the extended size of hadrons. For the Nijmegen potential 
we introduce a monopole-type form factor ESI i n the form of 

where m and t are the meson mass and a squared four momentum transfer, 
respectively. The value of the cutoff parameter is taken to be 1.0 GeV for the 
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parameter set of the Nijmegen potential. We will also employ the Nijmegen 
potential with the form factor, Eq. i|12|) for the polarized pp calculation 1^*1 
As for that of the Jiilich-Bonn potential, we make use of the following form 
factor taken from Ref. 1^1 

, 9n A 2 — TO 2 , . 

F ^ = WTW> (13) 

where |q| is the three momentum transfer. In this case, we tak e different 
values of the cutoff masses for each KNY vertex as follows B3 A^ — 
Ak-nb = 1.0 GeV, Akna = 1.2 GeV, A k *na = 2.2 GeV, A KN ^ = 2.0 GeV, 
and A K » WS = 1.07 GeV. 



3 Numerical results 

3.1 7-/V scattering 

Before we calculate the photoproduction of the + numerically, we need to fix 
the cutoff parameters in the form factors. In doing so, we will try to estimate 
the value of the cutoff parameters by considering the process 7p — > K + A, 
which is known experimentally^^ and the comparison of the theoretical pre- 
diction with the corresponding data is possible. Fig. we present the total 
cross sections of the 7p — > K + A reaction without the form factors. Here, we 
have employed the coupling constants qk na = —13.3 and gx*NA = —6.65. 
While the results without form factors are monotonically increased unphysi- 
cally as shown in the left panel of Fig.Q] those with the form factors defined in 
Eq. Hl()|) describe relatively well the experimental data as in the right panel of 
Fig.^ We find that A = 0.85 ~ 0.9 GeV give reasonable results qualitatively. 
Note that the peaks at around 1.0 GeV and 1.5 GeV in the experimental data 
are believed to be related to higher nucleon resonances such as 5n(1650), 
P n (1710), P 13 (1720) and D 13 (1895) EHI which in our calculations arc not 
included. 

Based on these results, we assume that the cutoff parameter for the KNQ 
vertex is the same as for the KNA one and use A = 0.85 GeV. Fig. shows 
the total cross sections with the form factors and gx' we being varied between 
—gKNe/2 and gKNe/%- We see that the differences between the PV and PS 
schemes turn out to be small, as compared to the results of Ref. I2UI The 
reason lies in the fact that Ref. introduced the form factor in the KR term 
directly, while we employ the relation between the PV and PS schemes as 
given in Eq. JSJ . It is very natural that in the low-energy limit the difference 
between the PV and PS schemes should disappear. In this sense, the present 
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Figure 1. The total cross sections of -yp — > K + A without (the left) and with (the right) the 
form factors written in Eq. 1101 . 
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Figure 2. The total cross sections for the reactions of yn —tK 0^ (a) and yp — > K°0^ 
(b). PV and PS indicate the coupling schemes. 0, + and - indicate gjfNS = 0j 9k*n@ = 
9KN&/2 and g K *N& = -9KN&/2, respectively. 



ar 



results is consistent with the low-energy relation for the photo-production. 
Coming to the photo-production of the + in the — > ^T°0 + reaction, we 
notice that the total cross section is smaller than the case of 771 and rather 
sensitive to the contribution of K* exchange. It can be understood by the fact 
that the contribution of K exchange is absent and the s- and the u-channcls 
are suppressed by the form factors. The average values of the total cross 
sections are estimated as follows: <J- rn —,K-e+ ~ 44 nb and a Jp ^j^0Q+ ~ 13 nb 
in the range of the photon energy 1.73 GeV < E 7 < 2.6 GeV. Note that these 
values are smaller than those of Ref. ^\ where A = 1.0 GeV is employed. 
In Fig. |31 we draw differential cross sections. In the case of the 771 — > 
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Figure 3. The differential cross sections for the reactions of -yn — + K 0^ (a) and 7p — > 
K°&± (b) at v / s = 2.1GeV. 



K~Q + , the peak around 60° is clearly seen as shown in the left panel of 
Fig- El This peak is caused by the i-channel dominance which brings about the 
combination of the factor \e-k | 2 ~ sin 2 9 and the form factor. In the multipole 
basis, an Ml amplitude is responsible for it. In contrast, for the production 
from the proton, K exchange is absent, and the role of K* exchange and its 
interference with the s— and the w-channel diagrams become more important. 
Therefore, the differential cross section of the jp — > K Q <d + process is quite 
different from that of the jn — » K~0 + . The present results look rather 
different from those of Ref. 1221 where the relation gK'Ne = ±9KNe was 
employed. It is so since the amplitude of K* exchange is twice as large as 
that in the present work, and has an even more important contribution to the 
amplitudes. We need more experimental information in order to settle the 
uncertainty in the reaction mechanism. 

We now present the total cross sections for the negative parity 01 in 
Fig. The contribution of K* exchange is almost negligible in the case of 
the 7n — > K~Q + process, whereas it plays a main role in — > K°0 + . The 
total cross sections for the negative-parity + turn out to be approximately 
ten times smaller than those for the positive-parity one. This fact pervades 
rather universally in various reactions for the + production. The reason 
is that the momentum-dependent p-wave coupling a ■ q for the positive par- 
ity + enhances the coupling strength effectively at the momentum transfer 
\q\ ~ 1 GeV, a typical value for the + production using non-strange parti- 
cles. The enhancement factor is about 1 GeV/0.26 GeV, where 0.26 GeV is 
the kaon momentum in the + decay. Therefore, the cross sections become 
larger for the positive parity case than for the negative parity case by a factor 
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Figure 4. The total cross sections for the reactions of yn — * K ©^ (a) and 7p — » X ©^ 
(b). 
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Figure 5. The differential cross sections for the reactions of ■yn — > K ©^ (a) and 7p 
K°0t_ (b) at yfs = 2.1 GeV. 



The differential cross sections for the photo-production are drawn in 
Fig. |3J The peak around 60° appears in the interaction as in the case of 
the 0+. That for the production via the jp interaction shows quite different 
from the case of the 8^. 

3.2 NN scattering 

In this section, we present the total and differential cross sections for the 
reactions np — > A°0 + and np — > S°0 + with two different parities of + . 
We first consider the case of parameter set of the Nijmegen potential. In 
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Figure 6. The total cross sections of np — > A0^ with ten different combinations of the 
signs of the K*NS coupling constants which are labelled by (sgn(gx * jv@), sgn(gj^„ n q))- 
The parameter set of the Nijmegen potential with the cutoff parameter A = 1.0 GeV is 
employed. 



Fig. H3 we draw the total cross sections of np — > A0 j; for different signs of 
the coupling constants, which are labelled as (sgn(gK»Ne), sgn(<7^, Jve )). We 
compare the results from ten different combinations of the signs. As shown in 
Fig. El the dependence on the signs is rather weak. Moreover, we find that the 
contribution from K* exchange is very tiny. The average total cross section 
is obtained as cr np _ >AQ + ~ 40 fib in the range of the center-of-mass (CM) 

energy E^ M < E CM < 3.5 GeV, where E^ M = 2656 MeV. Since the angular 
distribution for all reactions is with a similar shape, we show the results only 
for the case of np — > A9^ in Fig. 

In Fig. we draw the total cross sections for the reaction np — > £°0^. 
We find that they are about ten times smaller than those for the reaction 
np — > A0+. The corresponding average total cross section is found to be 
a np-> s°e+ ~ 2-0 ao in the range of the CM energy -E^m — ^cm < 3.5 GeV, 
where E^ M — 2733 MeV. It can be easily understood from the fact that the 
ratio of the coupling constants \gKNk/gK ny\ = 3.74 is rather large and the 
contribution from K exchange is dominant. 

As for the negative parity 8 + , we show the results in Fig.EJ Once again 
we find that the contribution of K* exchange plays only a minor role. We 
observe in average that cr np _ >Ae + ~ 5.0 fib and & np ^Y, e + ~ 0-3 fib in the 

range of the CM energy < Eqm < 3.5 GeV. They are almost ten times 
smaller than those of 0i. This behavior can be interpreted dynamically by 
the fact that a large momentum transfer ~ 800 MeV enhances the P-wave 
coupling of the 0+ than the S-wave one of the 0+. 
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Figure 7. The differential cross sections for the reaction np — > A©^ at i?cM = 2.7 GeV 
with five different combinations of the signs of the K*N@ coupling constants as labelled by 
(sgn(g^ * jve)i s g n (<?J-*JV©))' P arame t er se t of the Nijmegen potential with the cutoff 
parameter A = 1.0 GeV is employed. 




2.5 2.7 2.9 3.1 3.3 3.5 



Figure 8. The total cross sections for the reaction np — > £°0^. The parameter set of the 
Nijmegen potential with the cutoff parameter A = 1.0 GeV is employed. The notations are 
the same as in Fig. 



In Fig. I1UI we show the total cross sections of the reactions for the 0j|j 
with the parameter set of the Jiilich-Bonn potential. Here, different cutoff 
parameters are employed at different vertices as mentioned previously. We 
find that the contribution from K* exchange turns out to be larger in the 
np — > A9^ reaction than in the np — > E°9^. This can be easily understood 
from the fact that the Jiilich-Bonn cutoff parameter Ak* na is chosen to be 
approximately twice as large as that of the KNA vertex, while the value of the 
Ak'Ny: is about two times smaller than that of the Akn's- The average total 
cross sections are obtained as follows: c _>Ae + ~ 100 /i6 and c 7l „^x; e + ~ 
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Figure 9. The total cross sections of np — > A0_ in the left panel (a) and np — » X°0^ in 
the right panel (b). The parameter set of the Nijmegen potential with the cutoff parameter 
A = 1.0 GeV is employed. The notations are the same as in Fig. 171 




Figure 10. The total cross sections of np — > A0^ in the left panel (a) and np — > E°0^ 
in the right panel (b). The parameter set of the Jiilich-Bonn potential is employed. The 
notations are the same as in Fig. |7J 



20 lib in the range of the CM energy E}? M < E C m < 3.5 GeV. 

In Fig. ^] the total cross sections for 01 are drawn. In this case, the 
average total cross sections are given as follows: cr jip ^ Ae + ~ 6.0 lib and 
CT np— s°e+ ~ ^ m ^ e same ran g e of the CM energy. The results for 
the negative-parity 0^ are about fifteen times smaller than those of 0^. 
Compared to the results with the parameter set of the Nijmegen potential, 
those with the Jiilich-Bonn one are rather sensitive to the signs of the coupling 
constants. It is due to the fact that the cutoff parameters taken from the 
Jiilich-Bonn potential are different at each vertex. If we had taken similar 
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Figure 11. The total cross sections of np —> A©_ in the left panel (a) and np — > E°0_ 
in the right panel (b). The parameter set of the Jiilich-Bonn potential is employed. The 
notations are the same as in Fig. Q 



values of the cutoff parameters for the Nijmcgen potential, we would have 
obtained comparable results to the case of the Jiilich-Bonn potential. 

3.3 Polarized pp scattering 

In this section, we present the polarized pp scattering results. We note that, 
here, we employ only the Nijmegen potential and the form factor of Eq. (|10|l 
instead of using the Jiilich-Bonn potential. In Fig^J total cross sections near 
threshold region are shown as functions of the energy in the center of mass 
system y/s (-y/5 th = 2729 .4 MeV). The left (right) panel is for the positive (neg- 
ative) parity + where the allowed initial state has S = and even I (S = 1 
and odd /). For the allowed channels, five curves are shown using different 
coupling constants of gx* no and g K « NB ; zero and four different combinations 
of signs with the absolute values |5^*jv© I = %\9k*n&\ = \9kn&\, as indicated 
by the pair of labels in the figures, (sgn(gK*Ne), s S n (9K*N&))- As shown in 
the figure, cross sections vary with about 50 % from the mean value for the 
vanishing K* exchanges. For the forbidden channels only the case of vanishing 
K*NQ coupling constants is shown; cross sections using finite coupling con- 
stants vary within about 50 % just as for the allowed channels. In both figures, 
the s-wave threshold behavior is seen for the allowed channels as proportional 
to (s — sth) 1 ^ 2 , while the forbidden channels exhibit the p-wave dependence 
of (s — s t h) 3 / 2 and with much smaller values than the allowed channel. The 
suppression factor is given roughly by [(wave number) -(interaction range)] 2 
~ k/rriK ~ 0.1 (k = y2mjf£)j as consistent with the results shown in the 
figures. From these results, we conclude that the absolute value of the total 
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cross section is of the order 1 [fib] for the positive parity 6 + and of the order 
0.1 [fib] for the negative parity 9 + . The fact that the positive parity case has 
larger cross section is similar to what was observed in the photoproduction 
and hadron induced reaction also. This is due to the p-wave nature of the 
KN<d coupling with a relatively large momentum transfer for the + produc- 
tion. When the smaller decay width of + is used, the result simply scales as 
proportional to the width, if the K*NQ couplings are scaled similarly. 
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Figure 12. Total cross sections near the threshold: (a) for positive parity ©+ where the 
allowed channel is (S = 0, even /) and (b) for negative parity + where the allowed channel 
is (S = 1, odd I). The labels (+,+) etc denote the signs of gn* N& and <?|f«. jve relative to 
9KN0- The solid lines in the bottom is the cross sections for the forbidden channels. 



In Fig. 1131 we show the angular dependence of the cross section in the 
center of mass system for several different energies above the threshold, y/s 
27:50. 2740, 2750 and 2760 MeV. Here only K exchange is included but with- 
out K* exchanges. The angular dependence with the K* exchanges included 
is similar but with absolute values scaled as in the total cross sections. Once 
again, we can verify that the s-w aye dominates the production reaction up 
to ^/s < 2750. Recently, in Ref. 1*51 the authors discussed the experimen- 
tal methods and observable to determine the parity of the + baryon with 
the polarized proton beam and target. They discussed the spin correlation 
parameter A xx as well as cross sections. It is computed by 

( 3 <7 + 3 



2(j 



1. 



(14) 



where a is the unpolarized total cross sections and the polarized cross section 
are denoted as 2S+1 o-g_. In Fig. [21 we present A xx including K* exchange 
with and without the form factor. As shown in the figures A xx reflects very 
clearly the differences of the parity of + . When the form factor is included, 
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the five cases of different K* coupling constants are similar and the resulting 
A xx fall into well the region as indicated in Ref. 1^51. If the from factor is not 
included, there is an accidental cancellation in the allowed s-wave amplitude 
for the (+,+) case and the hence the p-wave contribution becomes significant 
at relatively low energy, which changes the sign of A xx at Ecm ~ 2.75GeV 
for the positive parity case. However, very near the threshold region, the 
sign of A xx is one as expected in the selection rule. In actual experiment, it is 
necessary to detect £ also at the threshold region. It is worth mentioning that 
the quantity A xx does not depend very much on the less known parameters 
such as coupling constants and form factors since their effects will be largely 
cancelled when taking the rario of the two cross sections as shown in Eq. (jjJJ . 
This advantage will give a chance to determine the parity of + without much 
theoretical ambiguities. Recently, COSY-TOF collaboration announced that 
the experiment with polarized pp scattering will be held in 2005 I^H We will 
look forward to see a evidence to determine the parity of + . 




30 60 90 120 150 180 30 60 90 120 150 180 

9 Ldeg] 6 [degj 

Figure 13. Angular dependence of the production cross sections near the threshold in the 
center of mass frame: (a) for positive parity © + and (b) for negative parity © + . The labels 
denote the total incident energy y/s. 



4 Summary 

We have investigated the + production reactions via and NN scattering 
in the Born approximation. For the 7./V reaction, we considered two different 
coupling schemes, pseudo-scalar (PS) and pseudo-vector (PV) couplings for 
KNQ + vertex. We observed that the two coupling schemes are not much 
different when the gauge invariant form factor is employed since this form 
factor scheme enhances the K and K* exchange contribution in the t-channel 
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Figure 14. A xx for the positive (a) and negative (b) parities are drawn without the form 
factor. As for the cases with the form factor, we also show it for the positive (c) and 
negative (d) ones. 



more than the s- and the it-channels which contain the whole difference be- 
tween the PS and the PV schemes. The reactions for the positive parity 
+ showed about ten times larger total cross sections than those with the 
negative one. This tendency is rather general for all reactions including the 
following NN scattering. However, it was difficult to determine the parity of 
+ from 7^V reactions, by looking at, for instance, angular distributions. As 
for the NN scattering, we performed calculations using the two different sets 
of interactions, the Nijmegen and Julich-Bonn potentials. The magnitudes of 
the total cross sections of the two calculations were not so different from each 
other. However, the reactions with S hyperon of the Julich-Bonn potential 
presented larger total cross sections than those of the Nijmegen ones because 
of the larger cutoff mass of Julich-Bonn potential. Considering the measure- 
ment of COSY-TOF HI, the positive parity of Q + seems more possible than 
the negative one qualitatively. However, the simple comparison of the order of 
the total cross section does not include sufficient information to determine the 
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parity of + quantitatively. Therefore, we considered the model independent 
way to determine the parity through the polarized pp scattering. We found 
clearly different behaviors of the total cross sections for determination of the 
parity of 9 + around the threshold region. The spin observable A xx which 
has less theoretical ambiguities showed positive values for the negative parity 
of + and negative values for the positive parity one. We have confirmed 
that the polarized pp scattering will be a promising method to determine the 
parity of 0. 
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